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BRUCE WALDRIP, PETER HUBBER & VAUGHAN PRAIN 
CHAPTER 9
ASSESSMENT
In this chapter we first review accounts of effective formative and summative 
assessment in science to frame our report on the particular practices and effects of 
formative assessment and the learning outcomes of summative assessment when 
teachers use a representation construction approach. In analyzing these practices, we 
also draw on our research on the teaching and learning principles (refer to chapter 3) 
relevant to implementing effective formative assessment within a representational 
context. We conclude by considering the implications for future practice in relation 
to the goals and methods of formative and summative assessment in learning in 
school science. 
LITERATURE ON ASSESSMENT IN SCIENCE
While there is an extensive literature on assessment of learning generally, and in 
science in particular, Black and Wiliam (1998) noted that the theoretical basis for 
assessment, particularly formative assessment, is at best under-developed, with 
many assumptions about teacher and learner capacities to participate effectively in 
assessment practices remaining tacit or ill-defined. These researchers also pointed 
out that the justification for any widespread assessment practice inevitably entails 
larger questions around the broader purposes and effects of education, including the 
desirability and capacity for education systems to promote economic, cultural and 
social justice goals. 
Attempts to define and broaden accounts of formative assessment over the 
last 10 years are indicative of some of the challenges around these issues. Early 
accounts claimed that formative assessment simply entails a straightforward focus 
on processes that provide timely support for learning in class. For Tunstall and 
Gipps (1996, pp. 185–6) “formative assessment is the process of appraising, judging 
or evaluating students’ work or performance and using this to shape and improve 
students’ competence”, thus concurring with Cowie and Bell (1996, p. 102) that 
“formative assessment is the process used by teachers and students to recognize and 
respond to student learning in order to enhance that learning, during the learning”. 
These accounts assume that the specific aspects of science or science literacy that 
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should be learnt in class, what feedback enables learning or direct benefits, and 
how students should respond to these opportunities, are well understood. This raises 
the further issue of what underpinning explanatory pedagogical theory explains the 
inevitability (or failure) of this learning from timely guided feedback, assuming that 
all learners benefit equally from exposure to standardized processes. For Black and 
Wiliam (1998), these accounts of formative assessment imply considerable agency 
on the part of students to manage their own learning and a willingness to align their 
efforts with teachers’ goals. 
For Black (1998) and Black and Wiliam, (1998, p. 53), assessment serves 
a formative function when “comparison of actual and reference levels yields 
information which is then used to alter the gap” between current and desired 
performance. This conception of formative assessment, like its predecessors, is 
dependent on dominant accounts of (a) what should count as learning in science 
(presumably student performance against standardized measures of conceptual 
knowledge), and (b) how this learning is best enabled and assessed. More recently 
Black and Wiliam (2009, p. 9) claimed that a practice in a classroom is formative 
when evidence of student achievement is “elicited, interpreted and used by teachers, 
learners or their peers, to make decisions about the next steps in instruction that 
are likely to be better, or better founded, than the decisions they would have taken” 
without this evidence. This account clearly recognizes a potentially larger group of 
factors or influences in the process of effective formative assessment, and is more 
cautious about what should count as progress towards learning goals, and for whom. 
Black and Wiliam (2009) then claimed various types of activities enable successful 
formative assessment, such as teachers’ sharing success criteria with students, 
classroom questioning, teachers’ written feedback on student work, peer- and self-
assessment by students, and formative use of summative tests to guide subsequent 
student test performance. From this perspective, the researchers claimed that the 
teacher needed to establish what learners knew, what goals needed to be addressed, 
and what strategies would support achieving these goals. Again, this account of 
appropriate practices assumes as unproblematic (a) what learners should learn in 
science, (b) the individualistic nature of student learning processes, and (c) how 
student agency and motivation “naturally” lead to learning gains.
Further, this account of formative assessment assumes that (1) subject-specific 
learning goals, progressions and outcomes in science are sufficiently clear and 
understood by teachers and students to provide a shared basis for guiding learning 
planning and outcomes, (2) teachers have high metacognitive evaluative skills to 
enable them to interpret/coach student performance/understanding, and that students 
are motivated to develop self-regulatory learning capacities to respond effectively 
to this feedback, (3) a range of explicit feedback strategies, activities/scaffolding 
will enable students to understand and regulate their learning goals, opportunities, 
and processes through self-assessment and informed action to improve academic 
performance, and (4) that a cognitive, information-processing model of how 
learning can be enabled/configured through an explicit teacher focus on procedures, 
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structures, templates, rubrics, and meta-knowledge, can support incremental learning 
gains. All these assumptions are supported by research literatures on desirable 
practice in science teaching (see Duschl, 2008; Osborne & Dillon, 2008), but are 
not necessarily enacted in mainstream science teaching in the middle years in many 
countries. This account of formative assessment has also tended to ignore addressing 
representational challenges students face in learning science concepts. While Jewitt 
(2007) and Jewitt et al (2001) have focused explicitly on learning science literacy 
as entailing the coordination of multi-modal representations, these researchers did 
not consider in detail the implications of this orientation for effective formative 
assessment practices that address directly the adequacy of students’ representational 
choices and products. 
Our theoretical justification for focusing intensively on student-generated 
representational work as a basis for learning in science and our development of 
aligned pedagogical principles (and by implication relevant formative and summative 
assessment practices) has drawn on four inter-related literatures about how learning 
goals in science might be theorized and enacted. These are: (1) theories of the 
variety of processes that enable learning in science, (2) epistemic theories of science 
as a set of knowledge-production practices, (3) semiotic theories of the nature of 
learning tasks in science, and (4) theories about the nature, needs and capacities of 
learners. Each of these literatures entails complex accounts of diverse perspectives 
and research histories, and the following summary is intended to provide only a brief 
overview of key substantive points guiding our general rationale. 
Theories of the range of processes that enable learning in science include Biggs’ 
and Tang’s (2007, p. 50) focus on “constructive alignment” of the curriculum, where 
teachers need to ensure that their teaching and learning goals, their organization of 
classroom learning experiences, and their assessment tasks align with one another. 
They note that this alignment poses significant challenges for many teachers. For 
example, in summative assessment that aligns with learning goals, students should 
demonstrate how they can apply concepts to new contexts, rather than simply 
repeat learnt propositional knowledge. Other key processes that support learning 
include meaningful and usable feedback (Black, 1998; Hattie & Timperley, 2007), 
with Hattie and Timperley (2007, p. 90) noting that feedback can focus variously 
on how students process tasks, on student self-regulation of their learning, and on 
encouraging the learner’s “self as a person”. However, these researchers claimed 
that feedback was mainly effective when academic goals were clearly salient for 
students, and where they could identify how to self-regulate their own performance. 
More broadly, student learning is generally enabled by timely teacher feedback that 
guides students’ attention to critical dimensions of learning tasks or hard-to-learn 
aspects of a topic (Bruner, 2004). More recently, as noted by Klein (2006), Wilson 
(2008), and many others, current research by cognitive scientists on cognition has 
identified the important role of previously downplayed influences and resources in 
learning processes, such as perceptual clues, affect, embodiment, metaphor, analogy, 
and informal reasoning (see Tytler & Prain, 2010). This implies that students can 
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learn in science from a complex interplay of multiple resources and strategies, using 
both (a) discipline-specific frameworks such as precepts, guidelines, scaffolding, 
templates and concepts, and (b) more informal contextual, associative processes 
entailed in role-play, thought experiments, improvisations, visualization, projection, 
and use of imagination in problem-solving. There is also a strong research literature 
on the effective role of group work in conceptual learning, incorporating both 
cognitive and sociocultural perspectives (Akkerman, et al, 2007). 
Epistemic theories of science as a set of practices focus on how knowledge is 
generated in science, and imply the need for these processes to align with student 
learning experiences in this subject, enabling these experiences to function as an 
induction into this domain and its discursive purposes and resources. From this 
perspective, knowledge production in science is understood as diverse forms of 
inquiry using appropriate instruments and reasoning tools, leading to participants 
making and rebutting evidence-based claims (Ford & Forman, 2006; Yorke, 2003). 
Semiotic theories of the nature of the learning task in science that have guided our 
research (as well as our proposed learning practices) have emphasized the need for 
students to learn disciplinary representational competence as both a record of learning 
and as an epistemological tool for further reasoning and knowledge-building in this 
subject (diSessa, 2004; Lemke, 2004; Sampson & Clark, 2008). In conceptualizing 
learner diversity and its challenges for teaching science, we consider that teachers 
need to take into account the range of students’ developmental and differentiated 
needs, their capacities, histories, interests, and motivation, as well as cultural, 
social, psychological, affective, and discursive influences and preferences affecting 
students’ engagement with science (Yorke, 2003; Gee, 2004; Hand et al., 2003). 
We consider that integrating these four literatures provides a basis for identifying 
key learning goals in science. We concur with Duschl’s (2008, pp. 275–8) account 
of how science learning should address “the conceptual structures and cognitive 
processes used when reasoning scientifically, the epistemic frameworks used when 
developing and evaluating scientific knowledge, and the social processes and contexts 
that shape how knowledge is communicated, represented, argued, and debated”. 
He further claimed that science learning and assessment is improved through the 
use of “learning environments that promote active productive student learning … 
and activities and tasks that make students’ thinking visible”. Our pedagogical 
approach aligns with Duschl’s (2008, p. 275) view that learning in science should be 
conceptualized as a rich interplay of understanding and enacting epistemic and social 
practices, where students are expected to learn how and why to build theories and 
models, construct arguments, and to “use the specialized ways of talking, writing and 
representing phenomena”. By implication, information-processing models struggle 
to encapsulate and address this complexity around formative assessment.
From previous studies we have identified various pedagogical practices that 
promote an effective focus on student-generated representations for learning in 
science (Carolan, Prain & Waldrip, 2008; Prain, Tytler, Waldrip & Hubber, 2009; 
Hubber, Tytler & Haslam, 2010; see also chapters 3 and 4 of this book):
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1. Sequencing of representational challenges involving students generating 
representations to actively explore and make claims about phenomena
2. Explicitly discussing representations: The teacher plays multiple roles, scaffolding 
the discussion to aim at student self assessment as a shared classroom process. 
3. Meaningful learning through representational/perceptual mapping: There needs 
to be provision of strong perceptual/experiential contexts, encouraging constant 
two-way mapping/reasoning between objects and representations.
These practices speak to the need for teachers and students to understand the 
conventions and purposes of representations and to assess their clarity and adequacy 
as evidence of students’ emerging thinking, reasoning processes, and conceptual 
understanding. By implication, formative feedback from students and teachers 
needs to focus on timely judgements and guidance about processes or strategies 
that assist students to understand representational tasks, redress misunderstandings, 
confusions, ambiguities and omissions. Formative feedback should also lead to 
strategies that enable students to self-regulate their next attempt at representation, or 
at integration of multiple representations to show conceptual understanding. 
Below, we report on case studies in the teaching of two topics, motion and 
astronomy, with particular emphases on teacher practices around formative and 
summative assessment. We sought to identify changes, if any, in students’ performance 
in summative topic testing after experiencing a representation-rich learning 
environment. The mixed methods approach to the research entailed collection and 
analysis of quantitative and qualitative data using a case study approach (Merriam, 
1998) The topic of motion was taught by Liz to her Year 10 students and the topic of 
astronomy was taught by Lyn and Sally to their Year 8 classes.
CASE STUDY OF LIZ: THE TOPIC OF MOTION
The Year 10 teacher, Liz, was a respected and experienced secondary science teacher 
whose main academic interest was in biology. She wanted to try an approach that 
would engage a disaffected student group in the topic of motion. In Australian schools, 
teachers are expected to teach astronomy, biology, chemistry, environmental studies, 
geology and physics in the lower secondary school, irrespective of their subject 
specialization. This topic entailed about thirteen hours of teaching. The classroom 
was traditional in its setting in that students were seated in rows in a science 
laboratory. Instruction consisted of one 50-minute theory class and one 100-minute 
practical class per week for six weeks. Liz perceived these students as low achievers 
and explained that they had diverse science backgrounds because of past learning 
experiences. She also stated that some of the students had not done well in previous 
years, a fact that was verified by the researchers in discussions with students during 
class. One student stated that she had failed science dismally in previous years and 
hated science, while another said that success in science depended on which teacher 
you had. 
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Data sampling and analysis in all classes included observation and videotaping 
of the teachers’ classes, analysis of classroom interactions, teacher and student 
interviews, examples of students’ work, and analyses of students’ examination 
scripts. Scripts from Liz’s class were analyzed in terms of students’ use of appropriate 
scientific vocabulary, complexity of sentences in scripts, text readability, number of 
representational modes used by students in relation to quality of text, and the extent 
to which modes were integrated through explicit textual ties or embedding. 
The findings of our study are presented in terms of (a) diagnostic and formative 
assessment practices in Liz’s class, and (b) student performance on the topic tests.
Diagnostic and Formative Assessment
In Liz’s class, the topic began with the representational challenge of asking the 
students to write down what they thought was the meaning of the following terms: 
instantaneous speed, average speed, acceleration, de-acceleration, stopping distance, 
and stopping time. Students were asked to discuss with their partner to share and 
negotiate the meanings of these terms. This set the scene for testing the adequacy of 
student verbal meanings in a diagnostic and formative environment. Diagnostically, 
students were asked to demonstrate their understandings using simple everyday 
equipment, such as toys, balls, and balloons.
In each subsequent lesson, Liz would prompt students to test and justify the 
adequacy of their understanding by a new question or an activity that was designed 
to challenge the clarity and comprehensiveness of the representation of their 
emerging explanations. The activities and questions required students to take a 
2D (or 3D) representation and then re-represent these explanations (3D or 2D). In 
each case, after the students had negotiated an account within their group, the class 
discussed each perspective in a student-student, student-teacher, and teacher and/
or student-led discussion. This public justification stimulated a robust debate about 
the persuasiveness and clarity of different representations. Students were asked to 
reflect on the adequacy of their representations and, where appropriate, to modify 
them. In a number of cases, students raised examples that challenged other students’ 
accounts of key concepts. Many questions were asked to prompt students to think 
why their proposed explanations were reasonable. 
In each lesson, Liz facilitated student discussion where students showed their 
understanding of a concept and justified their views. In these discussions the students 
were asked to represent a claim, provide evidence for it, and then after further 
representational manipulation, refinement, discussion and critical thought, to reflect 
on and confirm or modify their original case. About seven weeks after the topic had 
been taught and the students had completed topic tests, some students were interviewed 
about their understandings, so the researchers had an understanding of the robustness 
of conceptual understandings and could identify what was not reasonably resolved. 
In reporting our findings on student diagnostic and formative understanding during 
each phase of the topic, we present an account of the context to clarify our findings.
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In reasoning about average speed, one student group used a blown balloon attached 
to a straw on a fishing line to demonstrate and explain average speed. These students 
used hand gestures to illustrate direction and speed of movement to reinforce their 
view. The students measured the time and distance travelled by the balloon when it 
was released and then calculated average speed through computation (5 metres divided 
by 1.9 seconds). They were asked to justify or speculate whether a person could walk 
at this speed, but the students were unsure. These students then applied a formula 
from a text that they saw in a book with little understanding as to how it was derived. 
They had little conception of whether their time measurement was accurate. The group 
defined instantaneous speed as the speed the balloon was travelling at a point in time. 
The class tried to represent and explain acceleration and de-acceleration in 
various ways. One group rolled a model car down a ramp, claimed that as it went 
down, it was accelerating but when it hit the bottom and started to slow, it was 
de-accelerating. This group was challenged by the teacher and some students as to 
where the de-acceleration actually started. Another group felt that they had a more 
complete explanation. They used a balloon filled with air that was attached to a 
fishing line, claiming once they released it, it was accelerating first because of the 
air pushing out of the balloon made it go forward, but that it quickly de-accelerated 
to a stop when it hit a person’s hand. They said that if they had a longer string, it 
would have had room to slow down and would have shown a stronger case of de-
acceleration. This group had the view that de-acceleration occurred after some pre-
defined event. In addition, these students role-played acting out the motion of the 
balloon showing where they felt it accelerated and de-accelerated, breaking down 
the motion into stages and explaining what they felt was happening. 
During these representations of students’ understandings, Liz, as well as other 
students, would probe the adequacy of each claim. This resulted in vigorous class 
discussion as to what each term meant and what was an effective way to demonstrate 
their understanding. It caused students to re-represent their ideas to the class. To 
conclude the class, Liz asked the students to record their refined understanding of 
each term.
Here, Liz diagnostically established students’ initial understanding of the concepts 
of motion and in subsequent lessons, she used formative techniques to explore 
what is the current state of student understanding and to prompt students to explore 
alternative perspectives, largely through the use of appropriate questions and judicious 
use of activities to promote new thinking. This process was influenced by (a) prior 
understanding of the need to build a coherent account that links properties/behaviour 
of objects with plausible claims, (b) prior experience with science class methods 
and the need for accurate measurement of change as the basis for hypothesizing, 
(c) informal qualitative reasoning around patterns of observed phenomena, and (d) 
everyday language use of technical terms of topic and everyday ontological accounts 
of causality. This re-representation work also drew on perceptual contextual clues, as 
students attempted to identify key observed aspects of phenomena for investigation, 
as well as problems/gaps/inconsistencies, and also evaluated the adequacy of their 
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own views compared to what they observed with other groups. Liz noted that the 
focus on representational adequacy had the following effects on her formative 
assessment practices: (1) her feedback and student discussion were more specific 
and focused on particular features of the representations. (2) teacher and student 
feedback focused on the precise meaning (or meanings) as well as limitations of 
meaning entailed in different representational choices, and (3) she focused far more 
on students’ intentions and questions than in past approaches. 
Cases of Formative Assessment
In Liz’s class, students were asked to re-work their explanations and include examples. 
They could draw a picture to clarify or elaborate their explanations. The students were 
expected to defend their understanding through a teacher-facilitated class discussion. 
All students seemed to participate in class discussion and were willing to draw on the 
whiteboard for all to see, to demonstrate their current understanding, and to argue their 
case. This was a major change from the start of term where students were unwilling to 
be involved in either class activities or discussions. Finally, they were asked to record 
their current understanding of these concepts. Liz was finding this approach to be an 
effective method of exploring and monitoring students’ understanding of the concept. 
She started to utilize this approach with other science classes. 
In one of Liz’s classes, and as part of the reflection process to explore students’ 
ability to re-represent and to re-interpret their understanding to new but related 
settings, she presented a representational challenge for them to explain in any form 
they chose what was happening if a table-tennis ball was dropped into a bowl of 
water. Some students considered what was happening at various stages while others 
students focused on the ball when it just reached the surface or it was just under the 
surface. Figure 9.1, a notebook entry, shows one student’s initial perspective of the 
forces involved when the ball was under water.
. 
Figure 9.1. Student’s visual representation of forces involved in submerging the ball.
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Figure 9.2, a public representation on the whiteboard, shows a student’s perspective 
on why a ball floats. The student appeared to accept that opposing forces are 
involved.
Figure 9.2. Student view on buoyancy, from the whiteboard.
Liz had the students discuss their initial thoughts and then asked them to think about 
what was happening at each stage when the ball fell into the water and what forces 
were involved when the ball movement stabilized. Once the students had discussed 
and recorded their views, some students explained their views to the rest of the 
class. Figure 9.3 shows a student’s view of the forces involved as the ball rises to 
the surface. In providing formative feedback, Liz suggested the need to develop a 
representation that synthesized accounts of different stages of the process.
During the student-led discussion, they reasoned about which representation 
and accompanying verbal account provided a more coherent explanation of 
the interplay of the forces involved. They related their reasons to what they had 
learnt and their prior experiences. This included whether the sizes of the forces 
were appropriate and whether the number of force arrows was important. Liz’s 
formative assessment focused on identifying gaps and inconsistencies in the new 
representations.
Student A, in addressing this representational challenge on the public space of 
the whiteboard (Figure 9.4), stated that gravity pulled the ball down. Once it hit the 
surface, the ball went into the water. This student also addresses different phases 
B. WALDRIP, P. HUBBER & V. PRAIN
160
Figure 9.3. Ball rising to the surface.
Figure 9.4. Student A’s explanation of buoyancy.
 ASSESSMENT
161
of the ball movement in her verbal explanation which was coordinated with the 
diagram:
As the ball went deeper into the water, gravity got weaker and the water and 
the air is pushing upwards. The gravity gets so weak that gravity has no effect 
and so it goes upwards. It stays there [on the water] as the gravity can’t put it 
down and the water and air combined can’t push it higher.
Figure 9.5. Student B’s explanation of buoyancy.
Student B, also representing the force situation on the whiteboard (Figure 9.5), 
disagreed with Student A’s explanation and said that it floated because the force 
of gravity is balanced by the buoyancy. Liz probed and challenged this student to 
elaborate the meaning:
T: What happens to gravity when the ball hits the water? 
S: It gets less.
T: Does the gravity get less under water?
All students used visual, verbal and gestural representations to put their case. Some 
students were confusing gravity with the balance of forces. Because an opposing force 
was counteracting gravity, they reasoned that it must be getting weaker. This confusion 
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was not the case for all students. Other students were able to reason that the force of 
gravity was being opposed by the up-thrust (buoyancy) and as the depth of the ball 
increased, so the up-thrust increased. They related their argument to friction opposing 
surface movement. The discussion about the adequacy of their representation led 
these students to refine their viewpoints towards what can be considered as scientific 
explanations. Liz provided a further challenge at this point by asking students to 
consider effects on the motion of the ball if the forces were not equal. Discussion 
enabled students to clarify their sense of the resultant forces on the ball. Students 
revised their visual representations, discussed their adequacy, leading to a more explicit 
explanation of their understanding. The students said that publicly stating their views 
using drawings, analogies, illustrations and demonstrations allowed both the presenter 
and the listener to clarify their understandings. In addition, the process of judging 
which presentation, including diagrams, presented the most defensible explanation 
caused their own views to be modified and embedded in a meaningful context.
In summary, during the course of the unit the students used a range of processes 
and strategies to generate and critique their own and others representations. These 
included informal, contextual practical reasoning based on observations and 
data collection, perceptual pattern-spotting, approximations, enactment and re-
representation of experiments, dialogic classroom conversations and elaboration 
of contested perspectives to clarify claims, inductive reasoning from examples, 
deductive reasoning from principles to new cases, logical analyses of the adequacy and 
coherence of their own and others’ representational and re-representational claims, and 
negotiation of enacted and verbal/linguistic shared understandings. The complexity of 
these processes cannot be captured by an information-processing model of formative 
assessment. 
Summative Assessment: Students’ Topic Test Performance
Analyses of the students’ topic test performance across a range of motion concepts 
using a class that involved a representational focus compared to a class covering 
the same material and same tests without a representational focus, identified the 
following patterns: 
• Students’ scripts provided more detailed responses than in the second class. These 
responses contained more use of appropriate scientific vocabulary, more words, 
and the concepts were written about at a higher level of readability.
• The students were more likely to use diverse representational modes in their 
responses, and to incorporate effective textual ties, such as arrows, captions 
and labelling to link modes. Students who had practised generating their own 
representation were more likely to realise, in subsequent interviews, the limitation 
of their representation as a complete answer.
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• During interviews with students, students explained that their representations 
allowed them to show properties and understandings that were difficult to 
verbalise, and that this use allowed them to communicate key ideas more easily. 
• Students were still partly bound by examination expectations in that they perceived 
that teachers gave more weight to written responses than to other representational 
modes. 
Given the extended emphasis on students’ representational challenges, it is perhaps 
not surprising that Liz’s students were more likely to reproduce these learning 
experiences in topic test explanations. However, the quality of their test answers 
indicated that this broad approach supports successful conceptual learning in science, 
even when the test is a traditional one, and where students were not guided to use 
or integrate multiple representations in their answers. While these findings suggest 
some positive effects of a representation-rich classroom on student learning, judging 
from their interviews, students felt constrained by normal assessment practices and 
expectations in how conceptual understandings should be shown.
The following sample of lower and higher quality student answers to a test 
question on air pressure provides further insights into the representational 
challenges entailed in demonstrating scientific reasoning and relevant conceptual 
understanding in science topics. Lower quality student answers tended to present 
a linguistic or a diagrammatic representation on its own, or where they did present 
multiple representations, they were not mutually supporting and did not develop 
a coherent causal claim. Figure 9.6 gives an example of this, where the diagram 
and the accompanying text seems to involve separate ideas. In stronger students’ 
answers (see Figure 9.7) the text and diagrams were mutually supporting, each 
serving to explicate the other in a combination of visual/spatial, and narrative 
reasoning.
Student Comment:
The lift is generated by the air/wind 
underneath.
Figure 9.6. Lower Quality Student Answer.
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Student Comment:
Wings are shaped to make air move faster over the top of the wing (at A). When the 
air moves faster, the pressure of the air decreases. Since the air on top of the wing 
moves faster, the density becomes lower than at the bottom (B) and there is less 
pressure. This difference in pressure (A compared to B) makes the wing lift upwards.
Figure 9.7. Higher Quality Student Answer.
CASE STUDY OF LYN AND SALLY: THE TOPIC OF ASTRONOMY 
Lyn and Sally’s participation in the RILS project involved the teaching of three 
topics, which were forces, substances and astronomy. Over the period of the project 
these secondary science teachers became strong advocates of the representation 
construction approach the features of which were evident in the video record of their 
classroom teaching. This was particularly evident in the topic of astronomy, which 
was the third topic taught by the teachers with this approach1. 
The representation construction approach raised a number of issues for Lyn and 
Sally in relation to both formative and summative assessment. From a formative 
assessment perspective the teachers saw great benefit in the knowledge gained from 
the pre-tests in terms of targeting the teaching in resolving misconceptions that arose 
and for the students to be made aware of their own thinking as an important part of 
the teaching sequence. This view is reflected in the following comment made by Lyn 
on the information gained from pre-tests.
Because we have more understanding of the misconceptions we can teach 
accordingly and we can single out misconceptions…we can tackle them straight 
away... if you are aware of what the misconceptions could be, you are explicitly 
telling the students that you know some people think this is so, it has a huge impact 
because the kids will not then go along those lines…The pre-test was used as a 
basis to begin discussions, it gave kids a good reference point (Lyn, interview).
There were many instances during the teaching sequence where the students were 
given the opportunity to interpret and generate representations which gave the 
teachers insights into the students’ development of ideas. Lyn commented that 
“...what you’re seeing with representation is that you’re seeing what’s in their brain, 
not what they’re regurgitating”. The class discussions held in terms of evaluation 
and negotiation of the student-generated representations and the canonical 
representations provided a means by which the teacher might move the students 
towards a greater level of understanding of the key ideas.
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As an example of the formative assessment practices undertaken by Lyn and Sally, 
early on in the astronomy teaching sequence they elicited the students’ understandings 
of two of the key motions undertaken by celestial objects, these being revolution and 
rotation. The students were challenged to show their understanding of these motions 
through role-play. Having shown their understanding of these motions Lyn and Sally 
set them representational challenges whereby the students were required to use role-
play as a reasoning tool to address each challenge. Sally challenged her students to 
show if it was possible for two celestial objects to revolve around each other2. Lyn 
challenged her students to show evidence, via role-play, of any rotation of the Moon 
as it revolves around Earth each lunar month. Following the lesson that involved these 
challenges Sally was asked why she had not given any notes about revolution and 
rotation for students to record in their note books. She responded that it was “because 
that activity said it all” indicating that her assessment of the students’ response to 
the challenges gave sufficient insight that further teaching of these motions was 
not warranted. Formative assessment arises automatically, and inevitably, as part of 
students’ responses to the representational challenges as well as the public negotiation 
process involving class critiques of the student generated representations.
For the astronomy topic there was a change in the type of notebook used by the 
students. In changing from an A4 lined page book to a larger than A4 project type 
book Sally commented that such a change was, “much better than what we used 
to do because the kids liked the fact that there were these blank pages where they 
knew, ah okay, I can draw this here and write what is on the other side.” It was in 
their project books where students often re-represented a particular situation. For 
example, in the diagram below (Figure 9.8) the students were to re-represent the 
diagram on the left for a midday observer on Earth. This student’s re-representation, 
shown on the right hand side of Figure 9.8, made explicit links between the original 
representation and her re-representation through numerical labels. The direction of 
sunlight is indicated through lines and use of shadows.
Figure 9.8. Student’s representations of midday Sun in winter and summer.
For the Astronomy topic the teachers continued with their normal summative 
assessment practice of administering a paper-based topic test. In determining the 
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conceptual understanding of the key ideas the test had a balanced mix of multiple 
choice and short answer questions. The short answer questions had a representational 
focus whereby students where challenged to create their own representations or 
interpret a given representation, often from a different perspective. The teachers 
made an explicit decision to provide a space rather than lines for the students to 
respond to short answer questions. Lyn felt that doing so provided the opportunity 
for students to use multiple representational forms which may generate “a greater 
depth of knowledge than by just relying on the written word”.
Multiple representational responses and a variety of forms were evident in the 
responses the students gave to the short answer questions. This is illustrated by 
the sample of responses (see Figure 9.9) made by students to a test question which 
asked: “An astronomer investigating the motion of Europa, which is a moon, or 
natural satellite, of the planet Jupiter, found that it revolved as well as rotated. Use 
the space below to clearly explain what each of these motions mean.”
to rotate is to spin. Rotation is done on
the spot. To revolve is to orbit or go
around something. To revolve you need
two objects: one to be revolved around
and the other to revolve around the first
object. So Europa must spin or rotate at
the same time as it orbits or revolves
around Jupiter.3
Figure 9.9. Four students’ responses to a post-test question about rotation and revolution.
The representations in Figure 9.9 are scientifically correct and yet show a significant 
variation within and across different modes. This should not be seen as surprising given 
that during the sequence there were many instances where students were expected 
to interpret a particular representation and generate others in explanation. Also, the 
evaluation of representations did not imply a uniquely correct representation. The 
spaces in the test booklet gave the students the opportunity, permission and authority to 
adopt a range of representational modes in responding to the challenges that were given.
An example of a test question whereby the students were required to interpret a 




The image4 opposite is a time-lapse
photograph showing the position of
the Sun on Antarctica’s horizon every
hour for 8 hours.
Use the space below to explain why
the Sun doesn’t set below the horizon.
Figure 9.10. Post-test question and one student’s response.
The pre-test that incorporated multiple choice and short-answer type questions elicited 
several alternative conceptions similar to those found by other researchers cited in the 
introduction. In evaluating student learning over the period of the teaching sequence 
the pre- and post-tests contained the same set of multiple choice questions which had 
previously been used in other studies (Trumper, 2001; Kalkan and Kiroglu, 2007). 
Table 9.1 indicates the students’ results for these questions and provides a comparison 
to results obtained by another Year 8 class taught at Lyn and Sally’s school and a 
study undertaken by Kalkan and Kioglu (2007) who pre- and post-tested 100 pre-
service primary and secondary education teachers who participated in a semester 
length course in astronomy. The other Year 8 class was taught during the same period 
that Lyn and Sally taught their students, by a teacher called Tom. He was a physics 
trained specialist who participated in the same pre-topic workshop as Lyn and Sally 
and taught the same astronomy concepts as Lyn and Sally to his Year 8 class, but 
withdrew from his involvement in the representation construction research.
A measure of comparison of pre- and post-test results is the normalized gain 
index, <g>, the ratio of the actual average student gain to the maximum possible 
average gain: <g> = (post% – pre%) / (100 – pre%), reported by Zeilik, Schau, 
and Mattern (1998). Gain index values can range from 0 (no gain achieved) to 1 
(all possible gain achieved). The mean gain reported by Kalkan and Kiroglu (2007, 
p. 17) was considered a “respectable 0.3”. This is comparable to that obtained by 
Tom’s class (0.24) but contrasts significantly with that found by Lyn and Sally’s 
class with a mean gain index of 0.65.
Apart from the conceptual growth shown in the multiple choice questions there 
was also evidence of growth shown in the students’ responses to the short answer 
questions. For example, when asked, ‘If objects like apples fall to the ground then 
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why do you think the moon doesn’t also fall to the ground? Explain why.’ One 
student responded:
Pre-test response: The moon is out of reach for the earth’s gravity to pull it to 
earth.
Post-test response: The moon is constantly falling but it is falling at a sertain 
(sic) speed so it is orbiting the earth due to our gravity.
Table 9.1. Correct answer ratio and gain index (<g>) according to pre- and post-test results 
for three cohorts of students
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% correct <g> % correct <g> % correct <g>
 1 Day-night cycle 64 94 0.83 61 92 0.78 91 93 0.22
2 Moon phases 24 53 0.38 43 81 0.66 23 30 0.09
3 Sun Earth 
distance scale
12 24 0.13 9 49 0.44 18 22 0.05
4 Altitude of midday 
Sun
24 0 -0.31 10 66 0.62 29 39 0.14
5 Earth dimensions 24 41 0.23 30 63 0.48 5 14 0.09
6 Seasons 12 24 0.13 13 63 0.57 54 82 0.61
7 Relative distances 53 71 0.38 70 85 0.51 46 71 0.46
8 Moon’s revolution 59 88 0.71 38 83 0.72 49 60 0.22
9 Sun’s revolution 94 88 -1.00 86 97 0.79 61 77 0.41
10 Solar eclipse 29 59 0.42 31 86 0.79 26 42 0.22
11 Moon’s rotation 24 41 0.23 21 61 0.5 13 28 0.17
12 Centre of universe 
location
65 76 0.33 78 95 0.75 65 88 0.66
13 Seasons 76 88 0.50 73 97 0.89 67 88 0.64
mean <g> 0.24 mean <g> 0.65 mean <g> 0.31
We have shown in this case the sophistication and flexibility of understandings 
demonstrated by at least some students as they generate representations. Table 1 
data also provides some evidence to support a view that engagement with 
constructing representations improves student learning as measured on a 





The literature on formative assessment, as outlined in this chapter, suggests that 
teachers should have an advanced repertoire of diagnostic and enabling skills, 
including diverse workable strategies, if they are to provide timely support for 
individual students to progress in science learning. However, this literature, largely 
drawing on cognitive approaches to learning as individualistic information processing, 
has tended to ignore semiotic theories of disciplinary meaning-making, epistemic 
theories of how science knowledge is produced and validated, and sociocultural 
theories of the role of group participation in learning. Our case studies suggest that 
a focus on student representational challenges, informed by these perspectives, can 
provide a practical and valuable focus for formative assessment in this subject. 
As noted by many researchers, and summarized by Osborne & Dillon (2008), 
current constrained assessment practices in school science often entail rote 
memorization and recall, and therefore fail to (a) measure the depth of student learning, 
(b) provide useful feedback to learners, and (c) match the richness of experiences and 
representational challenges faced both by learners in the classroom, and by scientists 
in research teams. While we recognize that much current assessment of science 
learning suffers from these limitations, these case studies indicate improvements 
in student performance in tests and learning outcomes arising from their experience 
of a strong focus on representational challenges in learning science topics, even 
when traditional short-answer topic testing methods were used. We consider that 
assessment processes that expect students to use a wide range of representational 
resources would partly address these concerns about traditional testing practices.
We further suggest that:
1. Teachers need considerable professional learning support to change to the 
orientation and strategies proposed in these case studies.
2. Teachers need to develop students’ ability to make and critique claims in 
representations as a crucial aspect of developing science literacy. 
3. There is a need to investigate the adequacy of current mainstream summative 
assessment methods for promoting or measuring this literacy.
We suggest that this guided student representational work and accompanying claims 
and conjectures provide critical learning opportunities for students’ conceptual 
learning as well as their understanding of the key role of representational adequacy 
in claim-making in science. These lesson sequences provided multiple opportunities 
for the teacher to utilise formative assessment and to address student misconceptions. 
By using these representations as contestable artefacts needing justification and 
elaboration, students are practicing habits of mind and reasoning skills central to 
scientific literacy. In this context, students were invited to be assessors of their own 
learning, and also function as an audience and sounding board for other students, 
thereby co-operatively fostering scientific reasoning and literacy development 
aligned to scientific practice on a micro learning-community scale. Importantly, 
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the teacher facilitates this guided inquiry through critical feedback on the adequacy 
of student-generated claims evident in their representations. As noted by Ford and 
Forman (2006), unless school students learn to construct and interpret accounts of 
their observations and reasoning, and become active in the learning process, then 
their learning can become constrained and superficial. However, students’ own 
language and representational approximations are crucial resources and starting 
points for guided productive reasoning about these topics. 
NOTES
1 An account of the astronomy teaching sequence can be found in Chapter 7.
2 Sally later made a connection of this possibility with the mutual revolving motion of stars in binary 
star systems.
3 The students’ written response was re-written to provide clarity.
4 Taken from Photo taken over period of five hours, on the longest day of the year, Framnes Mountains, 
Mawson. Photographer Wayne Papps, Australian Antarctic Division © Commonwealth of Australia, 
http://www.classroom.antarctica.gov.au/the-big-white/sun-and-earth/
